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with emotional problems perform poorly on a set-shifting task (Toren et al., 2000) , and parents report that they are less cognitive flexible in everyday life as measured with the Behavior Rating Inventory of Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000; Sørensen, Plessen, Nicholas, & Lundervold, 2011) . Moreover, emotional problems affect performance on tasks measuring the ability to acquire complex information (Darke, 1988a (Darke, , 1988b Owens, Stevenson, Norgate, & Hadwin, 2008) , which is also found in children with ADHD with co-occurring emotional problems (Bedard & Tannock, 2008; Pliszka, 1989; Tannock, 2000; Tannock, Ickowicz, & Schachar, 1995) . However, in a population-based study, only inattention symptoms, and not emotional problems, associated with working memory dysfunctions (Lui & Tannock, 2007) . Along the same lines, Barriga and colleagues (2002) found that symptoms of inattention, and not emotional problems, affected academic performance in a population of children enrolled in an alternative school. Thus, inconsistent findings concerning the influence of emotional problems on academic performance and, more specifically, the cognitive control function of working memory warrant further studies that take symptoms of inattention and emotional problems into account.
In the present study, we thus hypothesized that the clinical symptoms of inattention and emotional problems reported by parents and teachers would predict cognitive control function in primary school children. The symptom levels were assessed by screening questionnaires in a mixed sample of children with and without a formal Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association, 1994) diagnosis, as those symptoms occur across diagnostic categories and may also cause impairment when diagnostic criteria are not fulfilled. The cognitive control functions of set-shifting and working memory were measured by parent reports of everyday behaviors, that is, by items from the BRIEF, and by the child's performance on psychometric test measures. We expected that both symptom scales separately would help to explain the variance of the performance measures and by the questionnaire scale of cognitive control. In that symptoms of inattention and emotional problems are known to be an integral part of ADHD and emotional disorder diagnoses, respectively; we will explore whether associations between the symptom scores and the cognitive outcome variables are specific to children within these diagnostic categories or generalizable across the whole sample.
Method
The Bergen Child Study (BCS) is a prospective study of children's mental health from primary school age to adolescence (Heiervang et al., 2007; Stormark, Heiervang, Heimann, Lundervold, & Gillberg, 2008) . The first wave of the study was organized in three stages, where Stage 1 comprised screening of symptoms of mental health problems, Stage 2 comprised a diagnostic evaluation based on a parent interview, and Stage 3 comprised a comprehensive clinical assessment. The present study has drawn data from Stage 1 and Stage 3.
The target population consisted of all 9,430 children who, during October to November 2002, attended second to fourth grade (i.e., 7-9 years old) at any primary school (public or private) in the municipality of Bergen, Norway. In addition, 222 children from the Sund municipality participated in the first wave of the BCS. In Stage 1, all parents and teachers in the total sample were asked to complete a questionnaire comprising the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1999) and the DSM-IV (American Psychiatric Association, 1994) diagnostic criteria for ADHD (the Swanson Nolan and Pelham-IV [SNAP-IV] questionnaire; Swanson et al., 2001 ). Parents of 6,978 (74%) children in the Bergen municipality and parents of 170 (75.9%) in the Sund municipality returned the questionnaire with informed consent. In Stage 2, parents of children defined as screen positive in Stage 1 (n = 651) and a random sample of children defined as screen negative (n = 389) were interviewed according to the Development and Well-Being Assessment (DAWBA).
1 A sample comprising 329 children was selected to take part in Stage 3-all children who received any DAWBA diagnosis in Stage 2 (33% of the 329 children) and a random sample of the children with no DAWBA diagnosis from Stage 2. The children came together with their parents to take part in a clinical assessment including a diagnostic interview of the parent(s) and the child (Schedule for Affective Disorders and Schizophrenia for School-Age ChildrenPresent and Lifetime Version [K-SADS-PL]; Kaufman et al., 1997) ; the children performed a set of neuropsychological tests, and parents filled in the BRIEF questionnaire (Gioia et al., 2000) .
We included all participants (N = 241) in the present study who had completed two selected tests of cognitive control function (i.e., the Children's Color Trail Test [CTT] and the Digit Span), where the parents had completed the BRIEF questionnaire in Stage 3 and where both parents and teachers had filled in the Inattention and Emotional Problem scales during Stage 1. A total of 241 children, aged 8 to 11 years (M age = 9.4; SD = 0.92), were thus included from Stage 3, with a preponderance of boys (61.8%). The examinations in Stage 3 were performed about 18 months after the parents filled in the questionnaire in Stage 1. (Gioia et al., 2000) . Parents were instructed to evaluate each item in relationship to their child as a behavior that "never," "sometimes," or "often occurs," with sum scores for each scale ranging from 0 to 20. The Shift and Working Memory scales were included in the present study as measures of cognitive control because the items included in those scales are reckoned to describe behavior that demand control functions (Miller & Cohen, 2001; Miyake et al., 2000) .
The BRIEF has shown good convergent and discriminant validity as well as a test-retest reliability ranging from .79 to .88 (Gioia et al., 2000) . Internal reliability has been reported to range from .80 to .98 using Cronbach's alpha (Gioia et al., 2000) . We used a Norwegian translation of BRIEF (i.e., translated to Norwegian by Jude Nicholas). The Cronbach's alpha for the different BRIEF scales ranged from .81 to .93 for all parent BRIEF reports in the BCS sample (n = 252).
CTT. The CTT (D'Elia, Satz, Uchiyama, & White, 1994) consists of two subtests (i.e., Part 1 and 2) and measures of set-shifting. The children were instructed to track a numerized sequence (Part 1) and to track and alternate between number sequence and a color sequence (Part 2). The CTT measures the same aspects of cognition as the Trail Making Test but without depending as much on language function (D'Elia et al., 1994; Strauss, Sherman, & Spreen, 2006) . The amount of time to complete Part 2 is assumed to tap the setshifting ability (Lezak, Howieson, & Loring, 2004; Strauss et al., 2006) . To obtain a "pure" set-shifting measure, the variance in explaining the scores on Part 2 that was shared with scores on Part 1 was removed by performing a linear regression analysis. The residuals were then extracted to create a new variable referred hereafter as the "CTT_shift" measure.
Digit Span. The Digit Span Test consists of two subtests (Eilertsen & Johnsen, 2003; Wechsler, 1991) and measures aspects of working memory. The child is asked to recall and immediately reproduce sequences of digits in the same order (i.e., the forward test) or in the backward order (i.e., the backward test) as the test administrator presents them. The sequences of digits increase from two to nine with two trials at each sequence length. Each subtest ends when the participant is no longer able to correctly reproduce at least one of the two trials at a particular sequence length. Based on a recent review (Unsworth & Engle, 2007) , proposing that both subtests tap the working memory function, a composite score was computed by summing the raw scores on the two subtests.
Predictors: The Inattention and Emotional Problem Scales
The Inattention scale. We included the nine items used to define the inattention part of an ADHD diagnosis in the DSM-IV system to create the "Inattention scale." We obtained this information by including the inattention items from the SNAP-IV (Swanson et al., 2001) . SNAP-IV uses four levels to evaluate each item, whereas in our study, the parents and the teachers evaluated each answer on a 3-level item Likert-type scale ("not true," "somewhat true," or "certainly true") to follow the response pattern of the remaining scales included in the first stage of the BCS. Each answer was assigned a value 0, 1, or 2, with a sum score ranging from 0 to 18. In the target sample of children in the BCS, where we received information from both parents and teachers on the inattention items (n = 6,403), the Cronbach's alpha for the parent reports on the Inattention scale was .87 and .90 for the teacher reports. We calculated a composite score from the parent and teacher reports on the Inattention scale to reduce shared method variance between parent reports on the Inattention scale and parent reports on the BRIEF in the statistical analyses: The sum scores were transformed into z scores, separately for the parent and teacher reports, and thereafter added. This composite score has been used as the measure of inattention symptoms in the present study.
The Emotional Problem scale. We used the Emotional Symptoms scale from the SDQ (Goodman, 1999) to measure emotional problems (i.e., the Emotional Problem scale). The SDQ is composed of 25 items. In addition to the Emotional Problem scale, the SDQ includes scales assessing hyperactivity, conduct problems, peer relationship problems, and prosocial behavior. Each scale consists of five questions, where parents and teachers were asked to choose between the following three possible answers: "not true," "somewhat true," or "certainly true." Answers had the values 0, 1, or 2, respectively, producing sum scores ranging from 0 to 10 for each scale. In the target sample of children in the BCS with both parent and teacher reports on the Emotional Problem scale (n = 6,403), the Cronbach's alpha for the parent reports was .68 and .73 for the teacher reports. We transformed the parent-and teacher-reported symptom scales into z scores and added the values to obtain the composite score of the Emotional Problem scale used in the present statistical analyses.
Intellectual Function-Full Scale IQ (FSIQ). The Wechsler Intelligence Scale for Children-III was used to assess intellectual function (Eilertsen & Johnsen, 2003; Wechsler, 1991) . The FSIQ was included in the statistical analyses using the raw scores. See Table 1 for the mean value of FSIQ in the present sample of 241 children.
Diagnostic assessment K-SADS-PL.
In Stage 3, the children went through a careful clinical assessment including a diagnostic evaluation with the K-SADS-PL (Kaufman et al., 1997) . The K-SADS-PL is a reliable semistructured diagnostic interview designed to evaluate current and past episodes of psychopathology in children according to the DSM-IV (Ambrosini, 2000; American Psychiatric Association, 1994; Kaufman et al., 1997) . Diagnoses 4 are scored as either definite, probable, or not present, and 101 of the children in the present sample were given one or more definite diagnoses (Kaufman et al., 1997 ; Table 2 shows the frequency of diagnoses in the sample included in the present study). A total of 35 children fulfilled the diagnostic criteria for a definite diagnosis of a ADHD and 47 for an emotional disorder diagnosis (including major depressive disorder, dysthymia, depressive disorder NOS (not otherwised specified), adjustment disorder with depressive mood, panic disorder, separation disorder, specific phobia, social phobia, general anxiety disorder, and adjustment disorder with anxiety). A total of 12 of the children with ADHD also fulfilled at least the criteria for one emotional disorder diagnosis, resulting in 70 children with either/both an ADHD and/or an emotional disorder diagnoses. In addition, a group of children was given a definitive diagnosis of other disorders than an ADHD or an emotional disorder diagnoses, referred hereafter as "other" disorder diagnoses (n = 31). The diagnostic categories of ADHD and emotional disorder diagnoses were included in the statistical analysis.
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Statistical Analyses
All statistical analyses were performed with SPSS, version 18. We tested how the two symptom scales predicted performance and questionnaire measures of cognitive control in linear hierarchical regression analyses. Each of the BRIEF scales and each of the performance-based measures were entered as outcome variables in separate analyses. The order of entry of the predictor variables into these analyses was controlled as follows: The child's age at Stage 3 and gender were entered in the first step as covariates. The composite score on the Inattention scale was entered in the second step and the composite score on the Emotional Problem scale was entered in the third step. The analyses were subsequently repeated by entering the symptom scales in the opposite order. The diagnostic categories of ADHD and emotional disorder diagnoses were included in subsequent steps together with FSIQ. The diagnostic categories were entered into the model in Step 4 to investigate whether the explained amount of variance in the cognitive control measures were significantly increased from what the symptom scores accounted for in the previous steps. We entered FSIQ in the last step of the analyses because symptoms of inattention and diagnosis of ADHD have previously been shown to affect FSIQ (Mahone, Hagelthorn, et al., 2002b) . 
Results
Distributions on the Symptom Scales and the Cognitive Control Measures
The mean values of the symptom scales and of the setshifting and working memory measures are shown in Table 1 , for the whole sample (N = 241) and the diagnostic groups of ADHD, emotional disorder diagnoses, "other" disorder diagnoses, and the children with no diagnosis. In relationship to gender differences (N = 241) on the Inattention scale, boys had a mean z score of 0.6 (SD = 1.9) and girls a mean z score of −0.09 (SD = 1.1). However, the mean values on the Emotional Problem scale for each gender group were not different from the score in the total group (see Table 1 ). Moreover, parents reported boys on the Shift scale from the BRIEF with a mean score of 12.70 (SD = 4.36) and girls with a mean score of 11.42 (SD = 3.22). On the Working Memory scale from the BRIEF, boys were reported with a mean score of 18.52 (SD = 5.60), whereas girls with a mean score of 14.80 (SD = 4.86). Furthermore, on the performancebased measure of CTT_shift, boys had a mean score of 0.08 (SD = 1.04) and girls had a mean score of −0.13 (SD = 0.92), and on the Digit Span Test, boys had a mean score of 11.11 (SD = 2.58) and girls had a mean score of 12.21 (SD = 2.65). On FSIQ, boys had a mean score of 88.07 (SD = 20.91) and girls had a score of 90.50 (SD = 18.25).
Bivariate Correlations
The correlation between the Inattention and Emotional Problem scales was statistically significant (see Table 3 ). Furthermore, both symptom scales correlated significantly with the Shift and Working Memory scales from the BRIEF. The Inattention scale and both BRIEF scales correlated significantly with all the performance-based measures (including FSIQ), whereas this was only true for the Digit Span Test and FSIQ with regard to the Emotional Problem scale.
Partial correlation analyses, including the whole sample, showed that the Inattention scale was significantly correlated with FSIQ when controlling for the effect of the Emotional Problem scale (r = −.38; p < .001). The correlation between the Emotional Problem scale and FSIQ was no longer statistically significant when the Inattention scale was controlled for.
Prediction of Set-Shifting Based on the Symptom Scales
The Inattention and Emotional Problem scales predicted parent scores on the Shift scale from BRIEF. The significant increment in R 2 showed that both scales contributed uniquely to higher scores on this scale (Table 4 ). This was true independent of which symptom scale was included in the second and third steps of the model. Likewise, both symptom scales explained a statistically significant proportion of the variance (a statistical trend for the Emotional Problem scale) on the CTT_shift measure (Table 4) , whereas only the Inattention scale showed a unique contribution when put into the third step of the analyses.
Diagnostic information of ADHD and emotional disorder added a significant explanation for the variation on the Shift scale but not on the CTT_shift measure (Table 4 [b]). Furthermore, in the fifth step of the linear hierarchical regression analyses, FSIQ added a significant explanation on both the set-shifting measures (i.e., Shift scale and CTT_ shift measures in Table 4 ). In this final step, age, gender, symptom scores, and diagnostic information were also included as predictors. The beta scores showed that only the Emotional Problem scale, and not the Inattention scale, still contributes significantly to the Shift score after including FSIQ in the statistical model. Likewise, the diagnostic information of ADHD and emotional disorder contributed significantly to the Shift score. However, the CTT_shift measure was no longer influenced by the symptom scales and diagnoses after the inclusion of FSIQ in the model but was significantly influenced by age.
Prediction of Working Memory Based on the Symptom Scales
The Inattention and Emotional Problem scales explained a statistically significant proportion of the variance on the Working Memory scale from BRIEF (Table 5 ) and of the performance on the Digit Span Test (Table 5) , when put into the second step in the analyses. However, only the Inattention scale had a unique contribution when put into
Step 3 of the analyses. This was true for both the working memory measure from the Digit Span Test and that derived from the BRIEF.
When entering diagnostic information in
Step 4 of the model, the diagnostic information of ADHD and emotional disorder explained a significant proportion of the variance on the Working Memory scale from BRIEF but not of the results on the Digit Span Test (Table 5) . FSIQ explained a 6 significant proportion of the variance of both the Working Memory scale (BRIEF) and the Digit Span Test in the final step (i.e., Step 5). In this final step, age, gender, symptom scores, and diagnostic information were also included as predictors. The beta scores (Table 5) showed that only the Inattention scale, and not the Emotional Problem scale, still contributes significantly to the working memory score from BRIEF and to the performance on the Digit Span Test. A diagnosis of ADHD contributed to the explained variance of the Working Memory scale and gender to the performance on the Digit Span Test (i.e., the descriptive results on the Digit Span Test support that girls have a higher mean score compared with boys).
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Discussion
The present study supported the hypothesis that symptom levels of inattention and emotional problems predict cognitive control function in primary school children. The influence of both symptom domains was evident on the BRIEF scales (Shift and Working Memory) and the performancebased measures of cognitive control (CTT_shift measure and Digit Span Test). However, in relation to the unique contribution of each of the symptom scales, the Inattention scale contributed in explaining the results on all the selected cognitive control measures, whereas the Emotional Problem scale only predicted the Shift scale from BRIEF. However, the ability of symptoms of inattention to predict cognitive measures does not imply a causal model but describes mere associations. These here-reported associations are of significance in clinical settings. Symptoms of inattention will be registered at school or in other everyday settings, whereas cognitive tests are not generally available. The influence of inattention symptoms on set-shifting and working memory function confirmed findings from previous studies of nonreferred children that have included a dimensional inattention scale (Friedman et al., 2007; Lui & Tannock, 2007) . Symptoms of Emotional Problems uniquely predicted parent scores on the Shift scale from BRIEF in the present study. The Shift scale is a measure for a child's flexibility in everyday life, and the impairment in this area in children with emotional problems may be explained with a theory describing anxious children as high on the temperamental trait of behavioral inhibition (Biederman et al., 1993; Gray, 1971 Gray, , 1972 Muris, 2006a; Quay, 1988) . This temperamental trait is associated with a repressed behavior in unfamiliar and challenging settings (Biederman et al., 1993; Muris, 2006a) and is characterized by an inflexible approach to adapt cognitively and emotionally (Eysenck, Derakshan, Santos, & Calvo, 2007; Muris, 2006a Muris, , 2006b . In other words, high levels of anxiousness (i.e., high levels of emotional problems) seem to make a child repressed and less cognitively flexible.
The unique effect of symptoms of emotional problems was evident on the everyday measure of cognitive control, but the symptom level on the Emotional Problem scale did not uniquely predict the parent scores on the Working Memory scale from BRIEF. The Working Memory scale contains items asking about the ability to sustain attention (Gioia et al., 2000) , which may make this scale more associated with inattention problems than with working memory problems. A previous study found that symptoms of inattention, and not emotional problems, explained an everyday measure of working memory (Lui & Tannock, 2007) , which supports the validity of the findings in the present study. This may indicate that at least a subgroup of children with emotional problems have a less efficient working memory function due to problems related to inattention. The BRIEF scores correlated significantly with scores on the performance-based measures (CTT_shift and Digit Span Test), in line with findings in a recent study (Toplak, Bucciarelli, Jain, & Tannock, 2009) . This is in contrast to earlier findings showing low agreement between the results on the BRIEF scores and performance-based test measures (Anderson, Anderson, Northam, Jacobs, & Mikiewicz, 2002; Bodnar, Prahme, Cutting, Denckla, & Mahone, 2007; Mahone, Cirino, et al., 2002a) .
The Emotional Problem score only predicted the scores on the Digit Span Test and marginally the CTT_shift measure when evaluated together with the Inattention score, thus indicating that emotional problems only impair performancebased measures of cognitive control function when appearing in conjunction with inattention symptoms. This may be explained by the fact that both inattention symptom scores and scores from performance-based measures correlate with a child's level of intellectual function (Friedman et al., 2006; Mahone, Hagelthorn, et al., 2002b) . The Emotional Problem scale did not correlate significantly with FSIQ in the present study when controlling for co-occurring symptoms of inattention. Questionnaire measures of cognitive control, such as the BRIEF, may thus prove superior when evaluating the effects of emotional problems on cognitive control function. Mahone and colleagues (2002b) have suggested that questionnaires like the BRIEF have a weaker association to FSIQ compared with the performance-based measures, which we confirm in the present study. Putting FSIQ as a covariate in
Step 5 in the linear hierarchical regression analyses showed that FSIQ explained less of the scores on the BRIEF scales than of the scores of the performance-based measures of cognitive control. Similarly, another study of adults with ADHD showed that FSIQ correlated less with a questionnaire measure of cognitive control compared with the performance-based measures of cognitive control (Biederman et al., 2008) .
Selected gender and age differences deserve some comments. We report a gender difference on the Digit Span Test,
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showing that boys were more impaired than girls. On the CTT_shift measure, the age of a child influenced the score, which probably is caused by a developmental improvement of the set-shifting ability. Otherwise, the results are in line with previous reports of marginal gender differences in cognitive control function (Seidman, 2006) .
Our hypothesis that symptoms of inattention and emotional problems would contribute to the results on measures of cognitive control was true, regardless of diagnostic status in the group of children (see the β scores in Table 4 and  Table 5 ). Still, the diagnostic categories of ADHD and emotional disorder were shown to influence the parent scores on the BRIEF. However, on the performance-based measures, diagnostic status of the children did not influence the performance in the statistical model.
Strengths and Limitations
Findings in the present study foreshadow the developmental course among children with ADHD, showing that inattention as well as affect regulation are prominent symptoms in adults with ADHD (Halmoy, Fasmer, Gillberg, & Haavik, 2009; Wasserstein, 2005) . Furthermore, few studies have investigated the impact of dimensional symptom scales of inattention and emotional problems on cognitive control function assessed by ecologically valid (i.e., BRIEF) and performance-based measures simultaneously. The additional analyses of the effect of diagnostic status and intellectual function can also be regarded as strengths in the present study, showing that the two symptom scores influenced cognitive control functions regardless of the inclusion of information about diagnosis and intellectual function.
However, we are aware of problems related to using parent information both as a predictor (i.e., symptom scales) and as one of the outcome variables (i.e., BRIEF). Therefore, we included an aggregated measure of the symptom reports of inattention and emotional problems, by combining the parent and teacher symptom reports, to reduce the described shared variance of method. Furthermore, we have only included the inattention symptoms that are part of the diagnostic criteria of ADHD (American Psychiatric Association, 1994) . Hyperactive and impulsive symptoms are more frequently present in young, primary school children than in older age groups (Stefanatos & Baron, 2007) and may therefore affect the cognitive control abilities. However, the inattention symptoms in children with ADHD are the predominant predictor of cognitive control functions (Chhabildas, Pennington, & Willcutt, 2001; Thorell, 2007; Willcutt et al., 2005) and academic performance (Thorell, 2007) , compared with the hyperactive/impulsive symptoms. Moreover, items included in the Emotional Problem scale do not reflect a specific emotional disorder. Emotional disorders seem to be less specific in children, with depressive and anxiety disorders often co-occurring (Angold, Costello, & Erkanli, 1999) . In regard to specific anxiety disorders, the different DSM-IV anxiety disorders are associated with high in-between comorbidity rates in primary school children (Ferdinand, van Lang, Ormel, & Verhulst, 2006) , and the different anxiety disorders seem to load on a common anxiety factor: a "g" factor (Spence, 1997) . Consequently, it may be considered as strength not to divide the emotional problems into separate diagnostic categories.
Conclusion
The combined parent/teacher reports of inattention symptoms and emotional problems in primary school children selected from a total population predicted cognitive control function. Moreover, the results imply that the prediction of cognitive control function is most reliable when including information about symptoms of inattention and emotional problems. Symptoms of inattention, though, appeared to be a stronger predictor of cognitive control function than symptoms of emotional problems in the present sample. Finally, the study emphasizes the importance of including both information about the child's everyday function (i.e., BRIEF) and results from performance-based tests in further studies of cognitive control function.
